Study Design. Prospective follow-up study. Objective. To investigate the influence of obesity and being overweight on disability and pain of patients undergoing lumbar spinal fusion. Summary of Background Data. Although spinal fusion surgery has been shown to relieve symptoms in several spinal disorders, the influence of obesity on the results remains controversial. Methods. Since January 1, 2008, all patients undergoing lumbar fusion in two hospitals have been invited to participate in a prospective follow-up database. At the end of 2014, the preoperative and 1-year follow-up data of 805 patients were available. Disability was evaluated using the Oswestry Disability Index and back and leg pain by the visual analogue scale. In addition, the working status, smoking, physical activity, duration of symptoms, and indication for surgery were captured. According to the World Health Organization classification of preoperative body mass index, patients were divided into three groups: normal weight (<25.0 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), and obese (!30.0 kg/m 2 ). Results. Of the 805 patients, 204 (25.3%) were normal weight, 365 (45.3%) were overweight, and 236 (29.3%) were obese.
O besity has become a new problem facing human beings in recent years as the number of overweight or obese people is dramatically increasing worldwide. The World Health Organization defines overweight as a body mass index (BMI) of 25.0 to 29.9 kg/m 2 and obesity as a BMI of at least 30 kg/m 2 . 1 Obesity has been linked with various diseases, particularly cardiovascular disease, type 2 diabetes, obstructive sleep apnea, several cancers, and musculoskeletal disorders, leading to a reduced life expectancy. 2 In a meta-analysis of 33 studies, Shiri et al 3 reported that overweight and obesity increase the risk of low back pain. In addition, overweight and obesity have been associated with increased low back pain rates even in younger populations. 4 The number of obese patients requiring surgery for degenerative lumbar spine is also increasing. Djurasovic et al 5 retrospectively reported that there was no significant difference in the mean improvements observed in 109 obese patients compared with 161 nonobese patients undergoing lumbar fusion with respect to back and leg pain, general health, and low back-specific quality of life measures; however, Patel et al 6 demonstrated a statistically significant relationship between the presence of obesity and the incidence of perioperative complications in patients undergoing elective thoracic and lumbar fusion procedures. In a recent retrospective study, obese patients undergoing lumbar fusion had a higher amount of blood loss, longer hospital stays, and higher complication rates than nonobese patients. 7 Therefore, it is now more important than ever for spine surgeons to make an appropriate surgical decision for obese patients.
Despite the fact that obesity should not be a contraindication for surgery in patients with lumbar spine disorders, some surgeons might worry about the higher perioperative risks and potential inferior clinical results of lumbar spine fusion surgery in obese patients, and the surgery might also be more demanding; however, no prospective large study has thus far evaluated the influence of both overweight and obesity on the outcome of lumbar fusion surgery. Therefore, this study prospectively investigated the influence of obesity on the outcome in patients treated by lumbar spinal fusion using a large prospective database.
MATERIALS AND METHODS
Since 2008, a prospective database has been established in two Finnish hospitals, Tampere University Hospital and Central Finland Central Hospital, to collect the data of spinal fusion surgery patients; on December 31, 2014, the data of 926 consecutively operated patients were available. Of these patients, 805 (87%) had completed both preoperative and 1-year postoperative questionnaires and these patients were included in the analysis.
In the analysis, the patients were divided into three groups based on the BMI values as determined using the World Health Organization classification 1 : BMI of less than 25 kg/m 2 was classified as normal weight, 25.0 to 29.9 kg/m 2 as overweight, and more than 30.0 kg/m 2 as obese. The Finnish-validated Oswestry Disability Index (ODI) was used to assess disability (ODI: 0-100). 8 According to the original publication, 9 the patients in each group were divided into three disability (ODI) categories: less than 20 as minimal, 20 to 39 as moderate, and at least 40 as severe disability. The level of back and leg pain was assessed using the visual analogue scale (VAS; 0-100 mm). In addition, the patients filled out a questionnaire concerning sociodemographic information, for example, education years, exercise habits, smoking, and working status. In addition, the duration of symptoms, presence of comorbidities, and use of painkillers was captured by a questionnaire. The indications for surgery were collected from the database.
All patients underwent selective instrumented posterolateral fusion with or without posterior lumbar interbody fusion or transforaminal lumbar interbody fusion. The surgical indications and techniques and the pre-and postoperative rehabilitation protocols were matched in the two hospitals before the study. During the first 3 postoperative months, the patients were encouraged to walk and perform light abdominal, back, and thigh muscle exercises; stretching of the hip muscles was also included in the exercise program. The use of a bicycle ergometer was allowed 1 month after the operation. Other types of exercise, such as skiing, dancing, and water gymnastics, were permitted 2 months after surgery. The study protocol was approved by the institutional review board at both hospitals (Tampere and Jyvä skylä ).
Statistical Analysis
The results are expressed as the counts with percentages, means with standard deviation (SD) and medians with interquartile range (IQR). Statistical significance among the groups was tested by the chi-squared test, analysis of variance, and Kruskal-Wallis method. The differences among the groups regarding changes in the ODI values and VAS were compared using a bootstrapped (2000 replications) type analysis of covariance with the preoperative values as covariates. Pairwise comparisons adjusted with the Sidak method were used. All analyses were performed with the SPSS Statistics version 21 software program (SPSS, Chicago, IL), and statistical significance was considered to exist at P < 0.05.
RESULTS
The preoperative characteristics of patients according to the BMI groups are shown in Table 1 . The mean BMI in the normal weight (n ¼ 204), overweight (n ¼ 365), and obese (n ¼ 236) groups was 22.9, 27.3, and 33.0 kg/m 2 , respectively. The patients in the obese group were older, received less education, had a lower proportion of people at work, were less physically active and had a lower number of smokers. In terms of marriage, duration of symptoms, use of painkillers and indication for fusion, there were no significant differences among these groups; however, obese patients had significantly higher rates of hypertension and diabetes (P < 0.001). Neurological disorders were rare in the obese group (P ¼ 0.025).
There were no differences between the groups regarding preoperative disability and pain levels ( Table 2) . During the 1-year follow-up, disability and pain improved significantly in all three groups (P < 0.001). In the pairwise analysis, the ODI improved more in the normal weight group than in the obese group (P ¼ 0.011). Back pain improved more in the normal weight group compared with the overweight (P ¼ 0.005) or obese (P ¼ 0.009) groups. The corresponding differences in leg pain were in favor of the normal versus overweight (P ¼ 0.005) and normal versus obese (P < 0.001) groups. These respective differences between the overweight and obese groups were not significant (ODI: P ¼ 0.36; back pain: P ¼ 0.99; and leg pain: P ¼ 0.37). Figure 1 shows the proportion of participants with minimal, moderate, or severe disability according to the BMI groups. There was no significant difference preoperatively in the distributions among the three groups (P ¼ 0.09); however, the difference was significant postoperatively (P ¼ 0.0052). At 12 months, disability was severe in 14.7% of the normal group, 17.0% of the overweight group, and 24.2% of the obese group.
DISCUSSION
The main finding of the study was that although average disability and back and leg pain levels improved significantly in all three weight groups after surgery, there was greater improvement in the normal weight group compared to the other two groups. In addition, at 12 months the proportion of patients with severe disability was the highest in the obese group. In the Spine Patient Outcomes Research Trial (SPORT) study of 368 patients with a mean BMI of 29.4 undergoing surgery for degenerative spondylolisthesis, the mean change in the ODI at the 2-year follow-up after surgery was À24.2. 10 The outcome of the present study was similar, especially in the overweight group. The SPORT study also reported that the mean changes in the ODI were À15.4 (95% confidence interval [CI]: À18.5 to À12.2) in the normal or overweight group with BMI less than 30 and À19.6 (95% CI: À23.8 to À15.4) in the obese group with BMI at least 30 at the 1-year follow-up (P ¼ 0.11); no significant difference was observed between the obese and nonobese patients in the longer 4-year follow-up. 11 In another retrospective study of 109 obese patients (mean BMI: 34.8) and 161 nonobese patients (mean BMI: 25.7) undergoing lumbar fusion, the mean changes in the ODI at postoperative 2 years were À14.0 and À15.6, respectively, without a significant difference between the groups. 5 Our results confirm the previous results that spinal fusion surgery significantly improves disability in certain spinal disorders, regardless of the BMI. Although the present study shows a statistically significant difference in the change in the ODI between the BMI groups, partly due to the high number of participants, the absolute degree of improvement was nearly similar. Nevertheless, the number of patients with severe disability at 1 year after surgery was 10% higher in the obese group than in the normal weight group, which indicates that the risk for a poor outcome is higher in obese patients. In a recent large cohort study of 2633 patients who underwent surgery for lumbar spinal stenosis according to the Swedish Spine Register, obesity was associated with a higher degree of dissatisfaction at the 2-year follow-up, and the mean ODI for the obese patients was 33 (95% CI: 31-34), whereas in the normal weight group, the mean ODI was 25 (95% CI: 23-26). 12 In regard to the improvement of back and leg pain, the SPORT study also reported no significant differences between 156 obese and 233 nonobese patients who were treated surgically for degenerative spondylolisthesis. 11 In a single-center retrospective study, 32 obese patients (average BMI: 32.3) had preoperative average back pain VAS of 66 and leg pain VAS of 58, the changes in these values 1 year after lumbar fusion surgery were À30 and À31, respectively. 13 In the Swedish Spine Register, 606 obese patients had a preoperative mean back pain VAS of 57 and leg pain VAS of 61, and the changes in these values 2 years after lumbar surgery were À18 and À21, respectively. 12 In the present study, no significant difference in the preoperative back and leg pain was found between the BMI groups. Although the preoperative values in the obese group of our study were higher than that of the previous study, the changes in pain relief were higher as well. Our findings confirm that lumbar fusion surgery relieves back and leg pain caused by spinal disorders in patients with obesity as well; however, the change in these values at 12 months postoperatively was significantly smaller in obese patients. Therefore, obese patients might be unsatisfied with pain relief after surgery.
In the current study, obese patients spent a significantly shorter amount of time physically exercising per week. Thus, our results demonstrate a generally low activity in obese patients. Interestingly, a previous study reported that adult patients with isthmic spondylolisthesis who are working and regularly exercising before surgery have a more favorable outcome after spinal fusion.
14 A recent study that analyzed 10,387 patients undergoing lumbar spine surgery showed that the incidence rates of hypertension, dyspnea, diabetes, and a higher Mallampati scale (the scale used to predict the ease of intubation) were increased in patients with higher BMIs. 15 In addition, the authors reported that compared with nonobese patients, obese patients were less likely to be smokers. There were no differences among the BMI groups regarding cardiovascular, respiratory, renal, cerebrovascular, and other comorbidity categories. The present study revealed similar results that the prevalence rates of hypertension and diabetes were significantly higher, although cardiovascular disorders also tended to be high in obese patients. Interestingly, our cohort of obese patients was less likely to smoke.
Obesity is recognized as a risk factor for low back pain, and because the number of obese people is increasing worldwide, the number of obese patients requiring surgery for degenerative lumbar spine might also be increasing. 3 In our study, which describes a western population that underwent elective spinal fusion surgery, even 45% of the patients were overweight and 29% of the patients were obese. In a Swedish study, of 2633 patients enrolled, 31% had normal weight, 46% were overweight, and 23% were obese. 12 In the previous studies, obesity has been shown to increase the risk for perioperative complications, 6, 7 and in the present study, which included a large patient group, we demonstrated that the outcomes of spinal fusion surgery on obese patients tended to be lower than that of normal weight patients. According to the results of our study and the previous studies, 12, 14 we recommend proper rehabilitation and weight loss for obese patients before surgery to obtain a better functional outcome after lumbar spine fusion, although the symptoms of obese patients were also relieved by surgery.
The strength of this study is that the selection bias was low due to the consecutive inclusion of patients and prospective data collection. Surgical information was available for all patients; however, self-reported outcomes were missing from a minor proportion of the patients. Thus, we included 87% of the operated patients with no missing data for follow-up in our analysis. There are some limitations associated with this study. One limitation is the short follow-up time; however, in a previous study, we demonstrated that an improvement after lumbar spine fusion surgery was observed as early as 3 months postoperatively and remained rather stable until the 2-year follow-up. 16 Because this study is not an effect study, we did not include a control group, which might also be another limitation. This study analyzed patients who underwent a conventional open approach, thus further studies are encouraged to investigate disability after minimally invasive lumbar fusion surgery.
CONCLUSION
The current study demonstrated that the mean ODI and back/leg pain levels improved significantly in all three BMI groups after surgery, although there was a trend toward severe disability and slightly higher pain levels in the obese group. Our findings suggest that obese patients should not be denied conventional lumbar fusion surgery according to weight alone; however, we encourage obese patients to undergo rehabilitation including weight loss before the surgery. In addition, we should identify patients with high-level disability in the early recovery phase to provide appropriate rehabilitation.
Key Points
The influence of obesity on disability and pain in patients treated by lumbar spinal fusion was investigated using a bias-free prospective database. The disability and pain levels improved significantly in all three weight groups after conventional lumbar fusion surgery. Nevertheless, the proportion of patients with severe disability according to the Oswestry index was higher in the obese group compared with the normal weight group at 1 year after surgery.
